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FRQWULEXWRUV WR WKHRYHUDOO LQGXVWULDOZDVWHYROXPH LV WKHFRQVWUXFWLRQ LQGXVWU\ZKLFK LV UHVSRQVLEOH
IRU  RI WKH ZRUOGZLGH FRQVXPSWLRQ RI QDWXUDO UHVRXUFHV &RQVWUXFWLRQ DQG GHPROLWLRQ &	'
PDWHULDOVKDYHEHHQLGHQWLILHGE\WKH(XURSHDQ&RPPLVVLRQDVDSULRULW\VWUHDPEHFDXVHRIWKHODUJH
DPRXQWVWKDWDUHJHQHUDWHGDQGWKHKLJKSRWHQWLDOIRUUHXVHDQGUHF\FOLQJHPERGLHGLQWKHVHPDWHULDOV
,Q RUGHU WR LQVWLJDWH WKH UHDSSOLFDWLRQ RI WKLV ZDVWHEDVHG FRDUVH PDWHULDO EDFN LQ WKH FRQVWUXFWLRQ
LQGXVWU\ DQG LQ VWUXFWXUDO DSSOLFDWLRQV LQ SDUWLFXODU OLNH URDG RU UDLOZD\ HPEDQNPHQWV LW LV
IXQGDPHQWDOWRSURSHUO\FKDUDFWHUL]HLWVPHFKDQLFDOEHKDYLRXU+RZHYHUQRZDGD\VWKHHQYLURQPHQWDO
SHUIRUPDQFH LV DW OHDVW DV LPSRUWDQW ZKLFK SURPSWV WKH LVVXH RI WKH TXDQWLW\ DQG TXDOLW\ RI WKH
OHDFKDWHSURGXFHGE\VXFKDSSOLFDWLRQV7KHSUHVHQWSDSHUGHDOVZLWKERWKWKHVHFRQFHUQVE\UHSRUWLQJ
DQG DQDO\VLQJ FRQVROLGDWHGGUDLQHG WULD[LDO WHVWV RQ D IXOO\ FKDUDFWHUL]HG EDWFK RI UHF\FOHG PL[HG
&RQVWUXFWLRQ DQG 'HPROLWLRQ :DVWH SURYLGHG E\ D 3RUWXJXHVH UHF\FOLQJ SODQW DV ZHOO DV LWV






(QYLURQPHQWDO SROLFLHV KDYH EHHQ LQFUHDVLQJO\ DLPLQJ WKHGHYHORSPHQW RI VXVWDLQDELOLW\ KDYLQJ
LQFOXGHGLQWKHLUOLVWRIIDYRXULWHWDUJHWVWKHPLQLPLVDWLRQRIWKHODQGILOOHGZDVWHYROXPHV2QHZD\WR
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XVH RI &	': ZLWK WKH SRVVLEOH H[FHSWLRQ RI HPEDQNPHQWV 9LHLUD 	 3HUHLUD  ,I ZH DOVR
FRQVLGHU WKH DGGLWLRQ RI JHRV\QWKHWLF UHLQIRUFHPHQW WKDW OLVW EHFRPHV HYHQ VKRUWHU ZLWK D IHZ
H[FHSWLRQV$UXOUDMDKet al6DQWRVet al9LHLUD	3HUHLUD




7KHZRUNSUHVHQWHG LQ WKLVSDSHU LVSDUWRIDZLGHU UHVHDUFKSURMHFWZKLFK WDUJHWHG WKHSRWHQWLDO
DSSOLFDWLRQRI&	':LQJHRWHFKQLFDOZRUNVDQG WKHDVVHVVPHQWRI WKHUHSODFHPHQWRIQDWXUDOVRLOV
WUDGLWLRQDOO\XVHG LQJHRV\QWKHWLF UHLQIRUFHG VWUXFWXUHVE\ UHF\FOHG&	':7KHUHIRUH WKH OHDFKDWH










E\ D 3RUWXJXHVH UHF\FOLQJ SODQW %DVHG RQ WKH SURYLGHG WHFKQLFDO VKHHW WKH PDWHULDO LV PDLQO\
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
 7KHSDUWLFOHVL]HGLVWULEXWLRQRIWKHPDWHULDO LVDOVRLOOXVWUDWHGLQ)LJXUHZKLOH WKHFRQVWLWXHQWV
GHWHUPLQHGLQDFFRUGDQFHZLWK WKH(XURSHDQ6WDQGDUG(1DUH OLVWHG LQ7DEOH7KH













*HQHUDO JHRWHFKQLFDO SURSHUWLHV DUH VXPPDUL]HG LQ 7DEOH  ,W LV FOHDU WKDW WKH &	': FDQ EH
UHJDUGHG LQ WHUPV RI SDUWLFOH VL]H GLVWULEXWLRQ DV D ZHOO JUDGXDWHG FRXUVH PDWHULDO LGHDO IRU















RI SRO\SURS\OHQH 33 FRQWLQXRXV ILODPHQW QHHGOHSXQFKHG QRQZRYHQ DQG KLJK VWUHQJWK SRO\HVWHU









3UHSDUDWLRQ RI WKHPDWHULDO LQFOXGHG GU\LQJ DQG GHIORFFXODWLRQ E\ KDQG 7KH &	':ZDV WKHQ
PL[HG ZLWK ZDWHU GHLRQLVHG IRU  PLQ LQ D +REDUW FRXQWHU PL[HU $ ZDWHU FRQWHQW RI  ZDV
FRQVLGHUHGFRUUHVSRQGLQJWRRIWKH0RGLILHG3URFWRUWHVWUHVXOWV7KHPL[WXUHVZHUHWKHQNHSWLQ
SODVWLFEDJVIRUKRXUVDW&DQG5+







VXEPLWWHG WR FKHPLFDO FKDUDFWHUL]DWLRQ XVLQJ PHWKRGV GHYHORSHG IRU ZDWHU DQDO\VLV ZKLFK ZHUH
DGDSWHGWRPHHWFULWHULDIRUDQDO\VHVRIHOXDWHV
 7ULD[LDO&RPSUHVVLRQ7HVWV




GLVSODFHPHQW UDWH ZDV XVHG LQ RUGHU WR PRQLWRU WKH GHYHORSPHQW RI DQ\ XQH[SHFWHG SRUH ZDWHU
SUHVVXUH6XFKFRQFHUQDULVHIURPWKHIDFW WKDW WKHVSHFLPHQVZHUHQRWVDWXUDWHGDW WKHEHJLQQLQJRI
WKHWULD[LDO WHVWVDQGWKXVLWZDVDVVXPHGWKDWWKHUHGXFWLRQLQWKHXQVDWXUDWHGYRLGUDWLRGXULQJWKH
WHVW ZRXOG QRW EH VXIILFLHQW WR GHYHORS SRUH ZDWHU SUHVVXUHV 7KH HQWLUH VWUHVVVWUDLQ FXUYH ZDV









+RZHYHU WKH 'LUHFWLYH (& VWDWHV WKDW ³if the waste does not meet these values for 
sulphate, it may still be considered as complying with the acceptance criteria if the leaching does not 
exceed 6000 mg/kg at L/S = 10 l/kg, determined either by a batch leaching test or by a percolation test 




































VSHFLPHQ GLG QRW SUHVHQWHG D FOHDU \LHOGLQJ VWUHVV DQG LQVWHDG D FRQWLQXRXV VWUHVV LQFUHDVH ZDV
REWDLQHGULJKWXQWLOWKHPD[LPXPGHIRUPDWLRQRI$IWHU\LHOGLQJWKHVRLOVWLIIQHVVHYROXWLRQRI
WKH  DQG  N3D VSHFLPHQV ZDV GHILQHG E\ WKH FRQILQLQJ SUHVVXUH ,Q  WKH ILUVW FDVH D VWUDLQ




OHYHOV IROORZHGE\DYHU\ DEUXSW VWUDLQ VRIWHQLQJ$JDLQ WKH KLJKHVW FRQILQLQJSUHVVXUH RIN3D




ZDV VLJQLILFDQWO\DIIHFWHGE\ WKH LQFOXVLRQRI WKH UHLQIRUFHPHQWZLWK LQFUHDVHVRI  WR






















$Q DGGLWLRQDO FRQFOXVLRQ LV WKH DSSDUHQWO\ VPDOO LQIOXHQFH RI WKH UHLQIRUFHPHQW RQ WKH HODVWLF
















8QUHLQIRUFHG N3D  N3D  N3D N3D
5HLQIRUFHG N3D  N3D  N3D N3D
7DEOH(ODVWLFPRGXOXVDWRIWKHGHYLDWRULFVWUHVV(
5HJDUGLQJWKHVWLIIQHVVGHJUDGDWLRQZLWKWKHLQFUHDVLQJORDG)LJXUHLWLVLQWHUHVWLQJWRQRWHWKDW
HVSHFLDOO\ IRU WKH ORZHU FRQILQLQJ SUHVVXUHV WKH UDWH DW ZKLFK WKH XQUHLQIRUFHG &	': VWLIIQHVV
GHJUDGHV LV VLJQLILFDQWO\ KLJKHU WKDQ WKDW REVHUYHG LQ WKH UHLQIRUFHG VSHFLPHQV:KLOH WKH VWLIIQHVV
GHJUDGDWLRQUDWHRIWKHXQUHLQIRUFHGVSHFLPHQVSURYHGWREHDIXQFWLRQRIWKHFRQILQLQJSUHVVXUHLH
LQFUHDVLQJ ZLWK WKH GHFUHDVH LQ FRQILQLQJ SUHVVXUH WKH UHLQIRUFHPHQW DSSHDUV WR RYHUULGH WKH
LQIOXHQFH RI VXFK SDUDPHWHU SURGXFLQJ YHU\ VLPLODU GHJUDGDWLRQ UDWHV DPRQJ WKH UHLQIRUFHG







RI QDWXUDO DJJUHJDWHV E\ UHF\FOHG &	': ,W LV RI WKH HVVHQFH WR IXOO\ FKDUDFWHUL]H HLWKHU WKH
PHFKDQLFDO EHKDYLRU DQG WKH HQYLURQPHQWDO SHUIRUPDQFH RI WKH QHZPDWHULDO EHIRUH DQ\ UHDO OLYH
VFDOHDSSOLFDWLRQFDQEHEURXJKWWRGD\OLJKW
5HVXOWVVKRZ WKDW WKLVSDUWLFXODU&	':EDWFK LVHQYLURQPHQWDOO\VRXQGDQG LQDFFRUGDQFHZLWK
WKH OLPLWV LPSRVHGE\ WKH(XURSHDQ'LUHFWLYH(&$V VXFK LW FDQEH FODVVLILHG DV DQ inert 
material






LQ PD[LPXP ORDG DQG DOWKRXJK GLG QRW LQFUHDVH WKH PDWHULDO¶V VWLIIQHVV SURPRWHG D GHFUHDVH LQ
VWLIIQHVVGHJUDGDWLRQDWOHDVWIRUWKHORZHUFRQILQLQJSUHVVXUHVSHFLPHQV
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH 3RUWXJXHVH 6FLHQFH DQG 7HFKQRORJ\ )RXQGDWLRQ )&7 DQG




$JUHOD ) %DUEXGR $ 5DPtUH] $ $\XVR - &DUYDMDO 0' 	 -LPpQH] -5 
Construction of road sections using mixed recycled aggregates treated with cement in Malaga, Spain
5HVRXUFHV&RQVHUYDWLRQDQG5HF\FOLQJ
$UXOUDMDK $ 3LUDWKHHSDQ - 'LVIDQL 00 	 %R 0:  Geotechnical and 
Geoenvironmental Properties of Recycled Construction and Demolition Materials in Pavement 
Subbase Applications-RXUQDORI0DWHULDOVLQ&LYLO(QJLQHHULQJ1R
$UXOUDMDK$5DKPDQ0$ 3LUDWKHHSDQ -%R0:	 ,PWHD]0$ Evaluation of 
Interface Shear Strength Properties of Geogrid-Reinforced Construction and Demolition Materials 
using a Modified Large Scale Direct Shear Testing Apparatus -RXUQDO RI 0DWHULDOV LQ &LYLO
(QJLQHHULQJ1R
%HKHUD 0 %KDWWDFKDU\\D 6. 0LQRFKD $. 'HROL\D 5 	 0DLWL 6  Recycled 
aggregate from C&D waste & its use in concrete – A breakthrough towards sustainability in 
construction sector: A review&RQVWUXFWLRQDQG%XLOGLQJ0DWHULDOV
+HUUDGRU 5 3pUH] 3 *DUDFK / 	 2UGyxH] -  Use of recycled Construction and 
Demolition Waste aggregate for road course surfacing -RXUQDORI7UDQVSRUWDWLRQ(QJLQHHULQJ

/HLWH)&0RWWD569DVFRQFHORV./%HUQXFFL/Laboratory evaluation of recycled 
construction and demolition waste for pavements&RQVWUXFWLRQDQG%XLOGLQJ0DWHULDOV
6DQWRV (&* 3DOPHLUD (0 	 %DWKXUVW 5-  Performance of two geosynthetic 
reinforced walls with recycled construction waste backfill and constructed on collapsible ground
*HRV\QWKHWLFV,QWHUQDWLRQDO1R±
6LOYD59%ULWR-	'KLU5.Properties and composition of recycled aggregates from 
construction and demolition waste suitable for concrete production &RQVWUXFWLRQ DQG %XLOGLQJ
0DWHULDOV
9LHLUD &6 3HUHLUD 30  Use of recycled construction and demolition materials in 
geotechnical applications: A review5HVRXUFHV&RQVHUYDWLRQDQG5HF\FOLQJ
9LHLUD&63HUHLUD30Interface shear properties of geosynthetics and construction and 
demolition waste from large-scale direct shear tests*HRV\QWKHWLFV,QWHUQDWLRQDO1R

Geotechnical and Geoenvironmental Assessment of RCDW for Road Embankments Cristelo et al.
58
